ABSTRACT. We show that for each 0 < λ < 1, the free Araki-Woods factor of type III λ cannot be written as a tensor product of two diffuse von Neumann algebras (i.e., is prime), and does not contain a Cartan subalgebra.
The weight φ ⊗ Tr(B(ℓ 2 )) is unique up to scalar multiples and up to conjugation by (inner) automorphisms of M ∼ = M ⊗ B(ℓ 2 ). Moreover, property (2) implies
and (3) and property (1) implies (2) and (3) . In particular, if φ 1 and φ 2 satisfy either (1) or (2), the centralizers M φ 1 and M φ 2 are stably isomorphic: M φ 1 ⊗ B(ℓ 2 ) ∼ = M φ 2 ⊗ B(ℓ 2 ).
The existence of such a state can be easily seen by writing M as the crossed product of a type II ∞ factor C by a trace-scaling action of Z: setφ to be the crossed-product weight (where C is taken with its semifinite trace). Next, compress to a finite projection p ∈ C and set φ =φ(p · p). The isometry V is precisely the compression of the unitary U , implementing the trace-scaling action of Z.
Recall that a von Neumann algebra M is called full, if its group of inner automorphisms is closed in the u-topology inside its group of all automorphisms (see [2] 
Neither λ 1 nor λ 2 can be zero, because then at least one of A 1 , A 2 would then fail to be full, and hence A 1 ⊗ A 2 would fail to be full.
Denote by T (M) the T invariant of Connes (see [1] , Section 1.3). Since
, we obtain (1). has period exactly 2π/ log λ. Hence the centralizer of φ 1 ⊗ φ 2 is a factor.
Choose a decreasing sequence of projections p
is densely spanned by elements of the form
with the convention that V 
and C is in fact the crossed product of A ∼ = L ∞ (X ) by a singly-generated equivalence relation). Let R 1 = W * (C,V ) ⊂ A 1 . Then R 1 is also hypefinite; in fact, it is the crossed product of C by the endomorphism x → V 1 xV * 1 . Notice that R 1 contains V 1 . Furthermore, for all k ≥ 0, there is a d ≥ 0 and partial isometries r 1 , . . . ,
. Construct in a similar way the algebra R 2 ⊂ A 2 , in such a way that V 2 ∈ R 2 and for all k ≥ 0, there is a d ≥ 0 and partial isometries r 1 , . . .,
is globally fixed by the modular group of φ 1 ⊗ φ 2 . In particular, this means that
It follows that W can be written in one of the following forms, using the fact that V * i A
where
Reversing the roles of A 1 and A 2 , we get that in general, span{(A
Since each R i is hyperfinite, the algebra R 1 ⊗ R 2 is also hyperfinite; hence (R 1 ⊗ R 2 ) φ 1 ⊗φ 2 is hyperfinite. It follows that the centralizer φ 1 ⊗ φ 2 of M = A 1 ⊗ A 2 can be written as the closure of the span of NR, where N is a tensor product of two type II 1 factors, and R is a hyperfinite algebra. Since every hyperfinite algebra can be written as a linear span of the product C 1 · C 2 , where C i are abelian von Neumann algebras, it follows that the centralizer M φ is the closure of the span of N · C 1 · C 2 , with N a tensor product of two type II 1 factors, and C 1 , C 2 abelian von Neumann algebras. Hence by Stefan's result [6] , we get that M φ cannot be isomorphic to L(F ∞ ).
Theorem 2.4. Let T λ be the free Araki-Woods factor constructed in [5] . 
has R as its fundamental group (see [4] ), it follows that whenever φ is a state on T λ , and T φ λ is a factor, then
Assume now that one of A 1 , A 2 is of type II 1 ; for definiteness, assume that it is A 1 . Choose on A 2 a normal faithful state φ 2 for which A φ 2 is a factor, and let τ be the unique trace on A 1 . Let φ = τ ⊗ φ 2 on T λ . Then T φ λ ∼ = A 1 ⊗ A φ 2 2 , and hence cannot be isomorphic to L(F ∞ ) by a results of Stephan [6] and Ge [3] , which is a contradiction.
Assume now that A i is type III λ i , with 0 < λ i < 1. Then by Proposition 2.3, there is a state φ on T λ , for which T φ λ is a factor, but is not isomorphic to L(F ∞ ), which is a contradiction.
T λ HAS NO CARTAN SUBALGEBRAS.
Recall that a von Neumann algebra M is said to contain a Cartan subalgebra A, if: 1. A ⊂ M is a MASA (maximal abelian subalgebra) 2. There exists a faithful normal conditional expectation E : M → A 3. M = W * (N (A) ), where N (A) = {u ∈ M : uAu * = A, u * u = uu * = 1} is the normalizer of A.
For type II 1 factors M, condition (2) is automatically implied by (1) .
